A novel function for zinc(II) in a nucleic acid-binding protein. Contribution of zinc(II) toward the cooperativity of bacteriophage T4 gene 32 protein binding.
The contribution of Zn(II) toward the binding of bacteriophage T4 gene 32 single-stranded nucleic acid-binding protein (gp32) has been examined by the use of two independent approaches. Studies carried out with successively longer oligonucleotides which have the general structure p(dT)n, where n is equal to 8, 16, 24, or 32 nucleotides, suggest that removal of Zn(II) decreases the cooperativity of binding by as much as 30-fold. Hence, whereas apo-gp32 and native gp32 have similar apparent affinities for the single-site lattice p(dT)8, native gp32 has an approximately 10-fold higher affinity compared to apo-gp32 for a two-site lattice, such as p(dT)16. In contrast to native gp32, where full cooperativity (in terms of the strength of a single gp32-gp32 interaction) is reached with only a two-site lattice, the cooperativity of apo-gp32 binding appears to increase approximately 4-fold upon going from a two- to a four-site lattice such as p(dT)32. The conclusion reached from these oligonucleotide studies agrees well with a series of titrations with polyribo(ethenoadenylic) acid, in 0.275-0.40 M NaCl. These latter studies indicate that the 6-38-fold higher affinity of native gp32 as compared to apo-gp32 for polyribo(ethenoadenylic) acid results primarily from the higher cooperativity of binding of native gp32. By stabilizing a specific subdomain within gp32 that is essential along with the NH2-terminal domain (residues 1-9), Zn(II) contributes from 20 to 50% of the free energy of cooperative gp32-gp32 interactions that occur along a polynucleotide lattice.